From a library of Bacillus subtilis DNA cloned with the Escherichia coli cosmid vector pHC79, 85 recombinant cosmids containing DNA from near the replication terminus, terC, were identified. The DNA inserts of these cosmids were confined to three regions of a 350-kilobase segment of the chromosome extending from the left end of the SP,I prophage to -75 kilobases on the right of terC. All B. subtilis genes known to reside in this segment, as well as the portion of the SPOi prophage that is expressed early in the lytic cycle of the phage, appeared to be absent from the library. A region of SPf8 homology distinct from the prophage and just to the left of terC was identified.
From a library of Bacillus subtilis DNA cloned with the Escherichia coli cosmid vector pHC79, 85 recombinant cosmids containing DNA from near the replication terminus, terC, were identified. The DNA inserts of these cosmids were confined to three regions of a 350-kilobase segment of the chromosome extending from the left end of the SP,I prophage to -75 kilobases on the right of terC. All B. subtilis genes known to reside in this segment, as well as the portion of the SPOi prophage that is expressed early in the lytic cycle of the phage, appeared to be absent from the library. A region of SPf8 homology distinct from the prophage and just to the left of terC was identified.
A restriction map of the region of the Bacillus subtilis 168 chromosome that spans the replication terminus, terC, has been constructed, and much of this region has been cloned (7, 13, 14) . The restriction map, defined in terms of BamHI and SaII sites, extends for -180 kilobases (kb) and spans terC as shown in Fig. 1 , section I. The portion that has been cloned (largely in the Escherichia coli cosmid vector pHC79) is shown by the heavy line in Fig. 1 , section I. Most B.
subtilis strains carry the prophage SPf integrated at a site just to the left of this region. A BamHI-SalI prophage map of SP1 c2, which is based on the Sall map of the prophage (11) and the BamHI and SalI maps of the phage genome (5), is included in Fig. 1 . This segment of the map makes up most of section II, which extends the map of the region to -350 kb. The right extremity of the prophage has been positioned based on the map locations of its attachment site (atts5O) and the gltA gene and based on a chromosome size of 4,500 kb (9) . The distance between the right end of the prophage and the cloned region is -60 kb. The only genetic loci, in addition to terC, that have been located definitively on this extended map are gltA and gltB (7, 8) . They lie just to the right of terC, as shown. citK and citM are on the left of terC, and it is known that citM (previously called citK [6] ) lies outside the cloned region. Other genes known to lie between terC and the SP, prophage are to the left of citK (9) .
The library of B. subtilis DNA cloned in the cosmid vector pHC79 has already been screened for sequences in the vicinity of the terminus (7, 12) . Of the 490 clones in the library, 148 gave positive responses, and the cosmid inserts in 25 of these have been assigned to the map (segments identified with stars in Fig. 1 , groups B and C, and the uppermost reference segments of each of these groups). In the present work, the remaining terminus cosmid clones were examined specifically for sequences from the 350-kb portion of the chromosome shown in Fig. 1 . Cloned segments originating from within the SPP prophage were identified among 60 new cosmids whose DNA inserts could be assigned to the region shown. All cloned inserts, including those previously assigned, showed a distribution that was highly nonrandom and significant with respect to the positions of the genes known to be located in the terminus region. Furthermore, a region of SPP homology additional to * Corresponding author. the SP, prophage was identified in a segment of the map that was cloned.
Initial screening of cosmid clones. DNA from three B. subtilis 168 strains was used for initial screening of cosmid clones. SB19 is a wild-type (trpC+) strain. Strain CU1050 has lost the SP, prophage (16) . Strain CU1693 has a region deleted from within the SP, prophage through the gltA gene (15) ; it has been established directly that the deletion extends through terC and to within a few kilobases of the right end of the insert in pWW246 ( Fig. 1 ) (T. P. Iismaa and R. G. Wake, manuscript in preparation). All experimental procedures have been described (7, 12) . SP1 DNA was prepared from phage obtained after mitomycin C induction of B. subtilis CU1147 (4) .
DNA from each lysed cosmid clone to be investigated was fixed to a nylon membrane and tested for hybridization to 32P-labeled strain SB19, CU1050, and CU1693 DNAs.
Clones harboring B. subtilis DNA from the region of the chromosome represented by the 350-kb map (Fig. 1) would be expected to hybridize less to CU1050 or CU1693 DNA than to SB19 DNA. A total of 89 clones was chosen for further investigation; only those that definitely contained B. subtilis DNA from outside the 350-kb map were excluded.
Nonrandom origin of inserts in cosmids containing terminus region DNA. Screening of the 89 clones and further analyses of their cosmid DNAs showed that 60 contained cosmid inserts which could be assigned to the 350-kb region depicted in Fig. 1 . Most of the remainder yielded inserts from outside this region. There were only seven clones with cosmids which, in spite of appearing to carry inserts derived from the mapped region, could neither be assigned to the map nor tested further because sufficient material was not obtained. Segments of DNA that included the 60 cosmid inserts identified in the present work, along with the 25 previously assigned, are illustrated below the map in Fig. 1 . The 85 cosmid-cloned segments were derived exclusively from three restricted regions, a 43-kb region (Fig. 1, group A) in the left one-third of the SP, prophage, a 66-kb region (B) just to the left of terC, and a 63-kb region (C) on the other side of terC. Thus the cloning of B. subtilis sequences from the terminus region by using the pHC79 cosmid vector was highly nonrandom. In particular, regions containing genes known to lie in the B. subtilis terminus region have been largely if not completely excluded (Fig. 1) . Through other approaches it has been possible to clone the segment of DNA between regions B and C (2, 8, 10) , but the segments cloned (in E. coli plasmid and bacteriophage X vectors) have been much smaller than the average 38-kb DNA insert in the cosmid library (12) . Also, although a bifunctional cosmid has been used successfully to clone genes of B. subtilis in E. coli (1) significantly lower (7 to 20 kb). Direct screening of the cosmid clones examined in the initial screening here by a gltA probe did not yield a positive result (unpublished data).
It is noteworthy that DNA originating from the right-hand two-thirds of the SPP prophage has been excluded from the library. This region of the SPP genome gives rise to transcripts at an early stage in the lytic cycle after infection of a susceptible strain ofB. subtilis with SPP cl or after induction of the SP, c2 lysogen (11) . The region of SP, DNA which has been cloned in the cosmids is expressed (transcribed) only at an intermediate or late stage of the lytic cycle. It is possible that expression of this region is dependent upon a process achieved through the expression of early genes. Successful cloning of DNA from this region might reflect the lack of expression of these intermediate or late genes when cloned in an E. coli host system. It has been reported previously that collections of cloned B. subtilis DNA from various E. coli plasmid libraries are nonrandom (3) . However in the present case, the degree of nonrandomness with the preferential exclusion of genes from the replication terminus region was extreme. This could be due in part to the potential for a cosmid insert of -40 kb to carry several genes, the uncontrolled expression of which could adversely affect the transfected cell. In the cosmid library used here, we found little evidence for deletion of or rearrangement within B. subtilis DNA inserts.
Regions of SP, homology. In the initial screening of the cosmid DNAs, 24 showed homology to SPPi c2 DNA. The restriction fragment composition of 10 of these could not be assigned, even partially, to the map of the prophage. These DNAs also hybridized strongly to pWW41 DNA, and eight could be assigned to the map region covered by the insert of pWW41, suggesting that this chromosomal region contained one or more segments with homology to SP,. An autoradiograph of BamHI-SalI digests of DNA from pWW26, pWW41, pWW452, and pWW130 after hybridization to 32P-labeled SP,3 c2 DNA is shown in Fig. 2a. pWW26 contains DNA from the left one-third of the prophage, the other three cosmids contain B. subtilis inserts that overlap one another and have been characterized previously (7, 12) . Although these three insert sequences hybridized less strongly to SPP c2 than did the insert of pWW26, the bands are well-defined, especially in the overexposure shown (Fig.  2) . The hybridizing fragments in the digests of pWW41, pWW452, and pWW130 contained DNA originating from the shaded segments of the portion of the terminus region map Fig. 3 and established a degree of homology between SP, and these segments of the chromosome.
Hybridization of digests of DNA from the SPP-strain CU1050 to 32P-SPp c2 DNA confirmed the existence of SPI homology elsewhere on the chromosome. The major fragments expected on the basis of the homology map (Fig. 3) were clearly visible, and those reflecting the minor BamHISalI 8.3-kb segment were not. The latter might have been missing because of the possible deletion of DNA in this region from the chromosome of strain CU1050 (8) . The additional fragments of 8.0 and 4.0 kb probably represented a further region of SPPi homology.
An integrase-deficient mutant of SPI c2, SP, c2int5, is capable of integrating in at least two locations distinct from attsp5 (15) . One of these sites lies between citM and g1tA, at about 1800 on the genetic map (9) , and the other lies at 400 between dal and purB. Zahler (15) has already suggested that the relatively high frequencies of integration into these regions could be due to the presence of sequences homologous to SP,. The region of homology indicated in Fig. 3 lies between gltA and citM and is likely to correspond to that predicted by Zahler.
